126 are compiled in Table 1 , corresponding to the average daily data representing the stable 127 conditions of the BTF performance. The purge of 3 L of the recirculation tank was 128 carried out once per week, and it represented less than 3% of carbon fed to the reactor 129 during the week. Further details can be found in San- Valero et al. (2017) . The pilot scale BTF (VOCUS ® , Pas Solutions BV, the Netherlands) consisted of a 138 packed reactor, which has an effective volume of 0.6 m 3 and is filled with a structured 139 packing material (PAS Winded Media) with a void space of 93 %, a specific surface 140 area of 410 m 2 m -3 , and a recirculation tank of 0.4 m 3 . Part of the industrial emission 141 was fed to the BTF using a blower and a variable frequency drive. The BTF was 142 operated in a counter-current mode, the polluted air stream was blown at the bottom of 143 the column, and the recirculated water was intermittently irrigated (10 min per hour) on 144 the top at a flow rate of 2.7 m -3 h -1 . The BTF unit was operated for more than one year 145 with EBRTs varying between 31 s and 66 s. For modeling purposes, the last 52 days of 146 operation were chosen as representatives of a stable biofilm. In this period, the reactor 147 was operated at daily average ILs at 6-25 g styrene m -3 h -1 (5-23 g C m -3 h -1 ) and at a 148 constant EBRT of 31 s. 
The gas phase flowed in a plug flow regime along the filter bed, thus neglecting 155 axial dispersion.
(2)
The adsorption of pollutants in the packing material was negligible.
(3)
The packing material was completely covered by a biofilm, which was 158 completely covered by the liquid phase.
(4)
The gas-liquid interface was in equilibrium according to Henry's law. Biodegradation took place only in the biofilm.
161 The model equations are summarized as follows (i denotes styrene or oxygen):
162 Mass balance in the gas phase
163
(1)
164 Mass balance in the liquid phase
166 Mass balance in the biofilm
168 During periods of irrigation, the mass balances were described as follows: styrene and 169 oxygen from the gas phase circulate through the column by considering the convective 170 transport. Styrene and oxygen are transferred to the liquid phase, with the mass flux at 171 the gas-liquid interface described by the global mass transfer coefficients (K L a i ). The 172 mass balance of the mobile liquid phase is produced by the circulation of the liquid 173 phase in the counter-current mode with the gas phase, which is described by the 174 convective transport equation. The liquid concentration at the top of the column is the 175 result of the mass balance in the recirculation tank considering ideal stirring during 176 irrigation and no biodegradation:
The mass transfer from liquid to biofilm of both components is a function of the 179 specific surface area of the packing material (a), the diffusion coefficient in water (D i ),
180 and the thickness of the liquid film (β). In the biofilm, diffusion and biodegradation take 181 place simultaneously; the former is described by Fick's second law and the latter by a 
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Fig. 1. Conceptual scheme of the model implementation and resolution.
209 The overall gas-liquid mass transfer coefficient of styrene and the maximum growth (Table 1) when the BTF achieved stable performance.
225 The global gas-liquid mass transfer coefficient of styrene (K L a sty ) and the maximum 226 growth rate (μ max ) were chosen as the calibration parameters. Parnian et al. (2016) 227 determined the mass transfer coefficient of styrene in an abiotic BTF packed with 228 pumice grains and steel pall rings. They found an increase in the K L a from 54-70 h -1 at 229 30ºC on the countercurrent gas-to-liquid flow ratio that varied in the range of 7.5-32, 230 with a potential dependence. The variation in the gas-to-liquid flow ratio in this study 231 was in a narrow range from 16-31 and at room temperature; thus, both factors (the gas- To evaluate whether the model could predict the variation in EC caused by the increase 282 the increase in the IL. At 15 s, the BTF did not achieve a complete degradation of 283 styrene at any IL tested. However, an increase in the IL led to an increase in the EC.
284 Thus, it seems to indicate that the mass transfer limited the system instead of the 285 biodegradation kinetic, as the microorganisms were able to remove more styrene if it is 286 transferred to the biofilm. In this regard, the model was able to reproduce the 287 characteristic curve of the BTF performance and to predict the limits of the application 288 of this technology for styrene abatement. The experimental maximum EC was 28 ± 4 g 289 C m -3 h -1 , and the model predicted a maximum EC of 29 g C m -3 h -1 , which was within 290 the experimental error. 
336 where C G out is the outlet concentration of the gas phase and p is the evaluated parameter.
337 Subscript d refers to the default values. The analysis was performed using the operational 339 shown in Table 3 . Table 3 , the model was sensitive to the physicochemical parameters. The 343 most sensitive value was found for low values of biofilm thickness. The analysis also 344 revealed that the liquid thickness, the Henry's law constant, the mass transfer 345 coefficient of styrene, and the diffusion coefficient of styrene had a notable impact on 346 model predictions. Regarding the kinetic parameters, the most sensitive was the 347 maximum growth rate. This finding is consistent with that reported in previous 348 literature. For example, Baquerizo et al. (2005) found that specific biofilm thickness and 349 specific surface area (here lumped by β and K L a) were the most sensitive parameters in 350 the modeling of a biofilter for ammonia removal. The model was applied using the parameters listed in Table 2 , except for the physical 369 properties corresponding to the packing material used in this setup, which is different 370 from that used at laboratory experiments (a=410 m 2 m -3 , θ P =93%) and the overall mass Correction factor of diffusivity in the biofilm according to Fan 
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